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(71) We, DUNLOP LIMITED, a 
British Company of Dunlop House, Ryder 
Street, St. James's, London S.W.I., do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 

The invention relates to an apparatus for 
determining the uniformity of wheels, more 
especially of vehicle' tyres at f airly high speeds, 
by means of devices for measuring the forces 
and moments which occur on a loaded wheel 
which is rolling on a moving surface. 

The more the tyres are integrated into the 
chassis as structural elements to improve 
safety of driving and comfort of driving, the 
greater become the demands on the tyres and 
it becomes all the more important to have 
availaable devices for measuring the properties 
of tyres, especially at high speeds. In this 
connection, the measuring of the uniformity or 
conformity of tyres is of special significance, 
and various machines are already known for 
measuring the uniformity of tyres or the like. 
In these machines the tyre that is to be tested 
is mounted on a wheel pivoted on an inter- 
mediate frame which is connected to a fixed 
frame via force measuring devices which are 
arranged at an angle to one another, in order 
to determine various directional components 
of the forces acting on the tyre. However, 
such devices have the disadvantage that, 
through a redundancy in determination of the 
suspension of the intermediate frame, bracing 
forces can occur which can falsify the measur- 
ing results. 

In another machine which has been pro- 
posed for measuring the uniformity of wheels, 
especially for measuring the lateral forces in 
the case of tyres fitted onto a rim, the pivoted 
and loaded wheel rolls on a revolving running 
drum and to enable the various forces on the 
wheel to be measured the wheel is pivoted 
on one end of a measuring beam which is 
arranged parallel to the running drum axis 
and which is slewa blv suspended from the 



other end, the force exerted on the measuring 
beam in the axial direction of the wheel being 
measured by a suitable force measuring 50 
device. 

This machine does have the advantage that 
the measuring beam acting on the force 
measuring device is statically clearly deter- 
mined and, by simple swinging of the measur- 55 
ing beam about its pivot axis, the wheel that 
is to be tested can be raised from the running 
drum and be changed. The machine is not 
suitable however, for carrying out uniformity 
measuring at fairly high speeds owing to 60 
resonance, and is constructionally relatively 
expensive. 

According to the invention there is provided 
apparatus for determining ■uniformity of 
wheels particularly vehicle tyres mounted on 65 
wheel rims, comprising a support shaft on 
one end of which said wheel is rotatably 
mounted, and a movable surface against which, 
in use of the apparatus, the wheel is pressed, 
the shaft being clamped in two spaced-apart 70 
force measuring devices each being sensitive 
in at least two directions which are per- 
pendicular to one another and to the support 
shaft, means provided for moving said sur- 
face against the loaded wheel and a calculating 75 
unit to which output signals from the two force 
measuring devices are led for separation by 
summation of the forces and moments in 
accordance with their direction and an 
indicating or recording instrument. 80 

With the apparatus in accordance with the 
invention, a resonant frequency of the 
apparatus >150 hz may be achieved so that 
uniformity measurements may readily be 
undertaken on tyres up to speeds of approxi- 85 
mately 150 km/h, i.e. to about 20 revolutions 
per second. This may be achieved because the 
secondary mass of the measuring system may 
be kept small and in the force measuring 
devices spring elements can be used which 90 
allow only a very small deformation under 
the forces being measured and thus inherent 
frequencies up to ten times the value of 
the basic frequency can be obtained. 



Preferably, one of the two force measuring 
devices responds to forces in the direction of 
the support shaft so that it can measure the 
side-forces generated by the rolling wheel. In 

5 this way, resistance to rolling, radial force, 
lateral force, camber moment and restoring 
moment can be ascertained by means of the 
two force measuring devices. 

in tl Se P aratio1 * of the forces by summation 
allows the use of simple and commercial sub- 
assemblies in the calculating unit. 

Preferably, the distance from the wheel to 
the force measuring device which can measure 
the side force exerted by the wheel is selected 

6 as small as possible. Furthermore, the mutual 
sparing of the two force measuring devices 
is advantageously chosen as a function of the 
desired inherent frequency of the measuring 
device. With sufficiently high inherent fre- 

zu quency, in this way a measuring device having 
comparatively small dimensions can be con- 
structed which can also readily be attached to 
a motor vehicle in order to measure the 
forces on the wheel under driving conditions. 

In a further advantageous embodiment of 
the invention means for the division and repre- 
sentation of the measured values, separated 
according to directions, for the forces and 
moments, into static and dynamic portions 

w are provided. 

This division into a static and a dynamic 
portion, which is practically the same as a 
separation between direct-current portion and 
superimposed alternating-current portion, 

» makes possible the determination of radial 
force fluctuation, resistance to rolling fluctua- 
tion, lateral fcrce fluctuation, camber moment 
fluctuation, and restoring moment fluctuation. 
Another advantage emerging from this is that, 
by use of the measured signals for radial 
force fluctuation and the camber moment, 
the wheel can be precisely balanced statically 
and dynamically, which is important at high 
speeds, since otherwise signals originating 

45 from the imbalance are superimposed on the 
measured values. 

The force measuring devices preferably take 
the form of crosses having arms which are 
connected to measuring elements and which 

=>J extend from a hub, which can be fastened on 
the support shaft, to a system-fast support. 
By means of such crosses it is possible to 
achieve an extensive separation of the forces 
standing perpendicular to one another already 

5> in the individual measuring devices. 

Preferably at least one pair of diametricallv 
opposed identical measuring arms is provided 
for each measuring direction. 

The measuring cross also responding to 

60 forces in the direction of the support shaft 
may have additional measuring arms e.g. two 
pairs of measuring arms which are perpen- 
dicular to one another and which are arranged 
at 45° with regard to the other two pairs of 

o5 measuring arms. 
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Preferably all the measuring arms are con- 
nected to the respectively system-fast support 
via yielding springs in such a way that the 
yielding springs are always rigid in the 
measuring direction on the pertinent measur- 70 * 
ing arm and pliant in the remaining direc- 
tions. 

Preferably each measuring arm is pro- 
vided with measuring elements which prefer- 
ably consist of strips fastened to the measuring 75 
arms and responsive to bending stresses. In 
this way, use is advantageously made of the 
fact that the snsitivity of a bending element 
is greater than that of an element loaded in 
push or pull. 80 

At least four such measuring strips are 
advantageously mounted on the measuring 
arms which are provided for the determining 
of forces of one direction the four strips being 
electrically connected as a full bridge. 85 
Through this arrangement of the measuring 
strips in a bridge circuit, length alterations 
of the measuring arms by virtue of tempera- 
ture^ cr other force influence enter only 
negligibly into the signals obtained. 90 

The measuring arms advantageously extend 
from the hub to a ring which can be fastened 
in a housing, and the yielding springs are 
arranged on the inside cf the ring. This 
arrangement leads to the possibility of an 95 
extremely compact construction. 

The yielding springs are advantageously 
obtained by formation of slots and recesses 
in the ring and by means of the cross-sectional 
dimensioning of the measuring arms. 100 

In accordance with a further advantageous 
embodiment of the invention, the hubs of the 
two measuring crosses can be braced together 
on the axis. In this way, a particularly exact 
assembly of the device of the invention is 105 
ensured and a simple and again accurate 
incorporation into a housing for the reception 
of the measuring crosses is made possible. 

The invention will now be described in 
more detail, by way of example only, with 110 
reference to the accompanying drawings, in 
which : 

Figure 1 shows a diagrammatic repre- 
sentation for illustrating the basic principle of 
the apparatus of the invention; H5 

Figure 2 shows a diagrammatic repre- 
sentation of a force measuring device, in the 
form of a measuring cross, for the deter- 
mination of forces in two directions perpen- 
dicular to one another; 120 

Figure 3 shows a diagrammatic repre- 
sentation of a further force measuring device, 
designed as a measuring cross, for determin- 
ing forces in three directions extending per- 
pendicular to one another; and 125 

Figures 4 and 5 show sectional views taken 
on the lines A — A and B — B respectively i n 
Figure 3. 

Figure 1 shows, in a diagrammatic manner, 
a tyre 2 which is fastened pivotally to a sup- 130 
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port shaft 1. The support shaft 1 is clamped 
in two supports A and B arranged at a mutual 
spacing J and at a spacing with regard to the 
tyre 2. 

5 These supports A and B symbolise system- 
fast force measuring devices, i.e. ones fastened 
rigidly in a stationary housing. 

These force measuring devices symbolised 
by the supports A and B are designed in such 

10 a way that they respond to forces in the 
directions X, Y and Z, perpendicular to one 
another, and in such a way that the signals 
corresponding to the components of the forces 
acting in these directions are obtained separ- 

15 ately. ^ * 

The distance between the support B and the 
wheel clamping point amounts to a so that 
the distance between the support A and the 
wheel clamping point amounts to Z-ha 

20 The forces and moments acting on the 
wheel 2, are indicated on Figure 1 in the 
marked coordinate system, the origin of 
which coincides with the centre of the wheel 
mounting. 

25 In the co-ordinate system adopted, a force 
corresponding to the resistance to rolling R, 
and the camber moment M*, acts as in the 
X-co-ordinate, the radial force P and the 
restoring moment m y in the Y-co-ordinate 

30 and the lateral forces S in the Z-co-ordinate. 

The mode of operation of the apparatus will 
now be explained by way of example with 
reference to the determining of the radial 

_ force P and the camber moment M x . 

35 It is assumed that, in the moving surface, 
the forces W +P" and "+S" are active. The 
direction of the force P passes through the 
origin of the co-ordinate system and accord- 
■ ingly generates a moment about the supports 

40 A and B. 

By setting up a balance of moment, it 
emerges that the force component y A at the 
support A due to force P is equal to 

a 

P— 
1 

45 and at the support B, the force component 
y B due to force 



P=-P- 



a-hl 



1 

The lateral force S extends in the direction 
°* ^ e co ~ or( ^ nat « Z and can, consequently, 
50 be measured as z A or z B or z A +z B of the 
supports A and B. Since the lateral force S, 



however, does not pass through the origin 
of the co-ordinate system of the wheel, it 
additionally generates a moment M x =S.r, in 
which connection r represents the radius of 55 
the wheel 2. 

Tins moment M x produces in the support 
A in accordance with the force component 
y A a force of reaction 



yn=-P- 



a+1 



60 



and in the support B a force compenent of 
-Ms 
1 

It is evident that the total forces of reaction 
in the supports A and B are due to the two 
forces S and P. The following equations are 65 
obtained : 

a r 

y A =P— +S— 
1 1 



r 

S— 
1 1 



The values of a and I are constant dimen- 
sions which can be selected suitably in the 70 
same way as the sensitivity of the force 
measuring devices. 

The output signals corresponding to the 
above equations are fed to a calculating unit 
in which the necessary separation of forces 75 
and moments is undertaken by means of sum 
operation. 

If the values of a and 7 are selected so that 
a=l there is obtained: 

Y=y A +y B =(P+S— )+(-2P-S— )=-P 80 
1 1 

This force corresponding to the radial force 
can be indicated in a conventional manner in 
that the output summation signal is fed to a 
suitable indicating and/or recording instru- 
ment. 85 

The value of the camber moment M x is 
likewise obtained by means of sum operation 
of y A and y B , in which connection, however, 
the value of y A is doubled, Le. the output volt- 
age corresponding to y A has to be increased 90 
to double the value. Likewise, on the condition 
of a=/, there then emerges: 



r S • r 

2 . y A +y 0 =2(P+S— )+(_2P- S— )= ' =M Ifl 
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It is obvious that the operations that arc to 
be carried out in the calculating unit are of a 
very simple type and can be realised by means 
of summation amplifiers. 

5 In setting up the device for use the sum- 
mation amplifier for force is set by loading, 
the measuring system with a pure moment 
and adjusting the amplification in a branch 
so that the output signal becomes nil. Similarly 

10 to set the summation amplifier for the moment, 
a pure force is introduced and the amplifica- 
tion is altered in such a way that the force 
becomes nil. A direct quantity calibration can 
then be undertaken. 

15 The measuring of the longitudinal force or 
the resistance to rolling R and the restoring 
moment M y is effected by means of the com- 
ponents x A and x n in a similar way, since it is 
in this connection simply a question of a rota- 

20 tion of the system through 90°. However, it is 
to be observed that the restoring moment M y 
arises by virtue of the lateral force S acting 
around the lag n of the tyre contact point 
with regard to the co-ordinate origin, and the 

25 magnitude of n takes the place of the value r 
in the previous example. 

It has already been mentioned that the 
lateral force S can be obtained by way of 
example through the signal corresponding to 

30 Zjj. 

Figure 2 shows a diagrammatic representa- 
tion of a practical embodiment of a force 
measuring device as was indicated as support 
A in Figure 1. 

35 This force measuring <levice consists of a 
hub 12, intended for the reception of the shaft 
1, a ring 14 concentrically surrounding this 
hub at a spacing, and measuring arms 5, 5' 
and 6, 6' which form a measuring cross 

40 extending between hub 12 and rin<? 14. One 
pair of diametrically opposed, respectively 
identical measuring arms is provided fox- 
each measuring direction, i.e. in the repre- 
sented case, for the X-direction and Y- 

45 direction. These measuring arms are fastened 
rigidly to the hub 12 and via yielding springs 
5a y 5a', 6a and 6V to the ring 14. 

These yielding springs, which are obtained 
by slots such as 3, and recesses in the ring 

50 and through cross-sectional dimensioning of 
the measuring arms, are selected in such a 
way that the yielding spring on the respective 
measuring arm is always rigid in the measur- 
ing direction and pliant in the other two 

55 directions. 

Mounted as measuring elements on the 
measuring arms 5, 5' and 6, 6' are wire strain 
gauges, as is indicated diagrammatically by 
the measuring strips x 3 , x* on the measuring 

60 arm 5, x 2 , x* on the measuring arm 5', y ; , y* 
on the measuring arm 6 and y a , y, on the 
measuring arm 6'. 

If one considers, by way of example, the 
wire strain gauges x x to x, mounted on the 

65 measuring arms 5, 5', extending in the Y- 



djreciion, it is apparent that owing to the 
yielding springs 5a and 5a 9 only very slight 
length alterations in the measuring arms occur 
in the Y-direction and in the Z-direction 
standing perpendicular to the drawing plane, 70 
since thtt yielding springs are loaded in 
deflcction 3 but in the X-direction (measuring 
direction) a high bending ensues and con- 
sequently a large output signal is produced, 
since the yklding springs are loaded in pres- 75 
sure. 

In this way, a very good pre-separation 
of the forces according to the respective direc- 
tions is ensured. 

A similar consideration is also true for the 80 
measuring arms 6, 6' and the pertinent ele- 
ments y, to y,. In this case, only a slight 
deformation occurs in the X-direction and in 
the Z-direction, but in the Y-direction a high 
bending deflection occurs and, consequently, 85 
a large output signal is produced in the Y- 
direction. 

It is essential that in all the co-ordinate 
directions the forces are measured as bending 
stresses on the corresponding measuring arms, 90 
since the sensitivity of a bending element is, 
as is known, greater than that of an element 
loaded in push or pull. 

The four measuring elements provided for 
each measuring direction are connected into 95 
a full bridge, since deformations in elonga- 
tions of the measuring arms by virtue of tem- 
perature change or by virtue of other acting 
forces in the case of such a bridge circuit 
enter only very slightly into the measurement 100 
result. In this connection it is furthermore 
advantageous that the measuring elements 
belonging to a full bridge lie very near to 
one another and in this way a stable zero 
point can be maintained. If necessary, even a 105 
common air cooling of the measuring ele- 
ments can be provided. 

Figure 3 shows, again in diagrammatic 
representation, a measuring cross which cor- 
responds to the support B in Figure 1 and 110 
which, in contrast to the measuring cross 
shown in Figure 2, responds not only in the 
X-direction and Y-direction but also in the 
Z-direction. 

This measuring cross also consists of a hub 115 
11, which serves for the reception of the sup- 
port shaft 1, and a ring 13 concentric to the 
hub. Between the hub and the ring extend the 
arms 7, 7' ccrrecpcnding to the Y-direction, 
arms S, 8' corresponding to the X-direction 120 
and also two pairs of arms 9, 9' and 10, 10' 
which stand perpendicular to one another and 
which are rotated through 45° with regard 
to the arms responding to the forces in the 
X-direction and Y-direction. 125 

Also in the case of this measuring cross 
responding to three directions, the individual 
measuring arms are fastened rigidly to the 
hub 11 and via yielding springs ?a, 7a', Sa, 
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8a', 9a, 9a% 10a and 10a% to the ring 13. 
The yielding springs are, again, designed in 
such a way that the yielding spring on the 
pertinent measuring arm is always rigid in 

5 the measuring direction and pliant in the two 
remaining directions. 

The arrangement of the measuring strips 
Xi — X* and y x — y 4 corresponds, in the case of 
the measuring cross of Figure 3, to the 

10 arrangement of these measuring strips in the 
case of the measuring cross according to 
Figure 2. 

Eight further measuring strips z x to z A are 
mounted on the four additional measuring 
15 arms % 9% 10, 10' intended for the measuring 
of the lateral force, and are connected as a 
full bridge. In this connection, the measuring 
strips arranged on the same sides of two 
diametrically opposed measuring arms lie 
20 respectively in a bridge branch. 

. J* 1 * 1 measuring strips z<, z 0 and z 8 
indicated in brackets on Figure 3 lie res- 
pectively in the drawing plane below the 
measuring strips z„ z 3 , z s and z 7 . 
25 To ensure correct positioning in the mount- 
ing of the two measuring crosses^ aligning 
grooves 16 and 15 are provided in the rings 
13 and 14 which at the same time make pos- 
sible a^ positionally correct insertion of both 
30 measuring crosses into a suitable housing. 

The sectional representations in Figures 4 
and 5 show in detail the specific design of the 
yielding springs provided in the two measur- 
ing crosses, Figure 4 showing details of the 
35 yielding springs for measuring arms in the 
X-direction and Y-direction and Figure 5 
showing details of the measuring arms res- 
ponding to forces in the Z-direction. The 
The slots, such as 3, extend perpendicular 
40 to the respective measuring arms and their 
spacing with regard to the external measuring 
arms is selected in accordance with the desired 
springiness properties. The same is true for 
the thickness of the yielding springs such as 
45 7a and 8a', which is determined by the depth 
of recesses in the ring between the slots and 
the measuring arms, and for the depth of the 
recesses in the outer end of the measuring 
arms responding to forces in the Z-direction. 
50 The two measuring crosses can be braced 
together, suitable stops being provided in 
order to be able to observe exactly a given 
mutual spacing. 

It is a significant advantage of the apparatus 
55 of this invention, that the longitudinal force 
fluctuations oi resistance to rolling fluctua- 
tions occurring at high speeds can be pre- 
cisely determined. Since the inherent fre- 
quencies of the apparatus in accordance with 
60 the invention lie for all the measured values 
at approximately 150 and 200 c/s (Hertz), 
measurements are possible at high speeds with- 
out disturbing resonance occurring, even 
under driving conditions, since the apparatus 
65 of the invention can be constructed extremely 



rigidly, compacdy and in an extremely space- 
saving manner. 

WHAT WE CLAIM IS: — 

1. Apparatus for determining uniformity 

of wheels particularly vehicle tyres mounted 70 
on wheel rims, comprising a support shaft on 
one end of which said wheel is rotatably 
mounted, and a movable surface against 
which, in use of the apparatus, the wheel is 
pressed, the shaft being clamped in two 75 
spaced-apart force measuring devices each 
being sensitive in at least two directions 
which are perpendicular to one another and 
to the support shaft, means provided for 
moving said surface against the loaded wheel 80 
and a calculating unit to which output sig- 
nals from the two force measuring devices are 
led for separation by summation of the 
forces^ and moments in accordance with their 
direction, and an indicating or recording 85 
instrument. 

2. Apparatus according to claim 1 in which 
the force measuring devices utilize spring 
elements which allow only a very small 
deformation under the forces being measured. 90 

3. Apparatus according to claim 1 or 2 in 
which at least one of the force measuring 
devices is sensitive to forces in the direction 
of the support shaft. 

4. Apparatus according to claim 3 in which 95 
the force measuring device which can measure 

the side force exerted by the wheel is posi- 
tioned as close to the wheel as possible. 

5. Apparatus according to any one of the 
preceding claims in which the mutual spacing 100 
of the two force measuring devices is advan- 
tageously chosen as a function of the desired 
inherent frequency of the measuring device. 

6. Apparatus according to any one of 
claims 1 to 5 in which the inherent frequency 105 
of the measuring device is greater than 150 Hz. 

7. Apparatus according to any one of claims 
1 to 6 in which means are provided for the 
division and representation of the measured 
values, separated according to directions, of 110 
the forces and moments into static and 
dynamic portions. 

8. Apparatus according to any one of claims 
1 to 7 in which the force measuring devices 
take the form of crosses having arms which 115 
are connected to measuring elements and 
which extend from a hub, which can be 
fastened on the support shaft, to a rigidly 
fixed support. 

9. Apparatus according to claim 8 in which 120 
at least one pair of diametrically opposed 
identical measuring arms is provided for each 
measuring direction. 

10. Apparatus according to claim 9 in 
which the measuring cross responding to 125 
forces in the direction of the support shaft 

has two pairs of the measuring arms which 
are perpendicular to one another and are 
arranged at 45° to two pairs of measuring 
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arms one for each of the other two measuring 
directions. 

11. Apparatus according to claim 8, 9 or 
10 in which all the measuring arms are con- 
nected to the respective system-fast support 
via yielding springs in such a way that the 
yielding springs are always rigid in the 
measuring direction on the pertinent measur- 
ing arm and pliant in the remaining direc- 
tions. 

12. Apparatus according to any one of 
claims 8 to 11 in which each measuring arm 
is provided with measuring elements which 
consist of strips fastened to the measuring 
arms and responsive to bending stresses. 

13- Apparatus according to claim 12 in 
which at least four measuring strips are 
mounted on the measuring arms provided for 
determining of forces of one direction, the 
four strips being electrically connected as a 
full bridge. 



14. Apparatus according to any one of 
claims 8 to 13 in which the measuring arms 
extend from the hub to a ring which can be 
fastened in a housing, the yielding springs 25 
being arranged on the inside of the ring. 

15. Apparatus according to claim 14 in y 
which the yielding springs are obtained by 
formation of slots and recesses in the ring and 

by means of the cross-sectional dimensioning 3Gv 
of the measuring arms. 

16. Apparatus according to any one of 
claims 8 to 13 in which the hubs of the two 
measuring crosses are braced together. 

17. Apparatus for determining the uni- 35 
formity of wheels substantially as described 
herein with reference to, and as illustrated in, 

the accompanying drawings. 



R. I. G. MCKAY, 
Agent for the Applicants. 
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